Pseudoplatystoma coruscans is a very popular species for tropical fish culture as it has boneless meat of delicate taste and firm texture. Few studies on fish reproductive biology refer to the morphological features of eggs. The goal, therefore, of this present work was to perform a structural and ultrastructural analysis of fertilization and embryonic development in P. coruscans. The incubation period, from fertilization to hatching, lasts 13 h at 28/29
Introduction
The fish Pseudoplatystoma coruscans is a large example of the species, characterized by a dark-spotted body, and is popularly known as spotted sorubim. This fish is found in the Amazon, São Francisco and Pratta river basins (Nakatani et al., 2001) and is a very popular fish in Brazilian culture because of its high quality meat (Kubitza et al., 1998) .
P. coruscans exhibits full spawning, external fertilization and parental care (Vazzoler, 1996) . As this species undergoes reproductive migration, changes in the exogenous features, which trigger both gonadal development and reproduction directly, affect survival rates and, along with overfishing, these changes seem to be the major cause of population breakdown in P. coruscans in rivers in the state of São Paulo, Brazil (Vazzoler, 1996) .
Despite technological advances in artificial reproduction and incubation, some basic aspects that are related to the embryonic stages in these fish, from fertilization to hatching, are still poorly evaluated (Shardo, 1995) . The study of the initial life cycle phases is essential for elucidating both taxonomic and ecological issues (Sanches et al., 1999) .
Embryonic development is a complex process that needs an understanding of fish ontogeny. This understanding is also useful for biotechnological experiments or as environmental bioindicators and to evaluate the effects of toxic substances on aquatic fauna. Thus, embryos can be used in multifunctional approaches (Flores et al., 2002; Botero et al., 2004; Ninhaus-Silveira et al., 2006) . Information on the embryonic development of P. coruscans is scarce and is restricted to reports by Cardoso et al. (1995) and Landines et al. (2003) . The goal of the present work, therefore, was to perform a structural and ultrastructural analysis of the morphological events during fertilization and embryonic development in P. coruscans.
Materials and methods
Three oocyte and egg collections were carried out at the Centro de Pesquisa e Gestão de Recursos Pesqueiros Continentais -CEPTA/IBAMA, in Pirassununga -SP, during the reproductive season. The first collection was performed in January, while the other collections were performed in December 2004. The induced reproduction of P. coruscans and dry fertilization were carried out according to the method described by Woynarovich & Hórvath (1983) . Adults were induced using carp hypophysis extract (CHE). Two doses (0.5 mg/kg and 5.0 mg/kg, respectively) were applied to females at 10 h intervals. A single 1 mg/kg injection was applied to males, as the same time as the second female injection.
Specimens of P. coruscans were collected during oocyte extrusion, just when oocytes and sperm were mixed (fertilization = time 0), at 10 and 30 s after fertilization, 1, 2, 5, 7, 10, 15, 20, 30 and 45 min after fertilization and at each 15 min up to 2 h after fertilization as well as each hour until hatching.
After extrusion, oocytes were kept in a bowl and sperm were added and gently homogenized. Egg hydration was performed 1 min after fertilization. The eggs were transferred to 60 l incubators at an estimated rate of 1000 eggs/l (60 000 eggs/incubator). The water flow during the first 5 h of development was 5 l/min and, from final incubation to hatching, flow was increased to 10 l/min. Fertilization rate was calculated 5 h after mixing male and female gametes (fertilization time).
Sample processing and analysis was performed in the Histology and Embryology Laboratory at the Morphology and Animal Physiology Department and Electronic Microscopy Laboratory, FCAV-UNESP, Jaboticabal campus.
Samples were fixed in Karnovsky's fixative solution (2.5% glutaraldehyde + 2.5% paraformaldehyde) for 24 h, rinsed in 0.1 M sodium cacodylate buffer (pH 7.4) and stored in 70% alcohol for further analysis according to the following methodologies:
Stereomicroscopic analysis and morphometry
The oocyte/egg diameter at each sampling period was measured using a ZEISS stereomicroscope with a micrometer (optical lens scale = 1 mm). Then, the oocytes and eggs were selected and photomicrographed in a LEICA stereomicroscope.
Light microscopy (LM)
Samples of oocytes and eggs that had been selected for light microscopy analysis were embedded in paraffin and historesin and cut into 3 to 5 μm diameter slices, mounted in slides, stained with haematoxylin-eosin (HE) (Tolosa et al., 2003) and photomicrographed in an AXIOSKOP-ZEISS photomicroscope.
Scanning electron microscopy
After washing in sodium cacodylate buffer, the samples were post-fixed in 1% osmium tetroxide for 2 h, washed again, dehydrated in ethanol series, critical point dried in liquid CO 2 drier (BALTEC), mounted in copper grid, metalized in gold-palladium and observed in a scanning electron microscopy (SEM) (JEOL-JSM 5410).
Results
The embryonic period of Pseudoplatystoma coruscans, from fertilization to hatching, lasted 18 h at 27
• C in the first collection, 13 h at 28
• C in the second one and 13 h at 29
• C in the latter. Fertilization rate was considered high in the first collection (88% average). In the other collections, the fertilization rates were low (a mean value of 13%).
During extrusion, the oocytes sampled in the three collections, had a mean diameter of 0.95 mm, which increased prior to larval hatching, then reaching a mean diameter of 2.55 mm. Table 1 shows the main egg development stages and their features, with times for the three collections. It is noteworthy that development times were not coincident in the collections, as they were not synchronic.
Stereomicroscope analysis
P. coruscans had round yellowish eggs that bore a double chorion membrane with a gelatinous layer over the chorion, which provided\ some adherence to eggs (Fig. 1a) . The phases mentioned in Table 1 are represented in Fig. 1 (b-k). The egg cell was identified at 30 min after fertilization in the first collection and 20 min after fertilization in the second and third collections. This phase is the beginning of segmentation, also referred to as blastodisc. Cleavage follows, when the blastodisc divides into 2, 4, 8, 16, 32 and 64 blastomeres, this stage started 45 min after fertilization in the first collection and 30 min after fertilization in the second and third collections.
The presence of more than 64 blastomeres, characterstic of the morula stage, was observed 90 min after fertilization in the first collection; while, in the other collections, this stage was detected after 75 min. The blastula stage, when cell boundaries could no longer be defined, was observed after 120 min in the two latter collections and after 180 min after fertilization in the first collection.
The gastrula stage, characterized by epiboly movement, started 300 min after fertilization in the first collection and after 180 min in the others. At 360 min after fertilization in the second and third collections and at 480 min after fertilization in the first collection, the yolk was nearly all covered by embryonic cells, forming the yolk plug, characterizing the end of the gastrula stage.
After 600 min, the cephalic embryo region could be differentiated from the caudal region in the first collection. This stage was observed after 420 min in the second and third collections. The somites and the optical vesicle were detected 660 min after fertilization in the first collection and after 480 and 540 min in the second and third collections, respectively (Fig. 1j) .
After 720 min in the first collection and at 540 min after fertilization in the others, the tail became more elongated. Hatching began after 1020 min of development and lasted up to full chorion rupture at 1080 min after fertilization (Fig. 1k ) in the first collection and after 720 min in the second and third collections.
In the present study, P. coruscans larvae were shown to have an elongated and transparent body, free of pigmentation.
Scanning electron microscopy and light microscopy analysis
The presence of a micropyle, i.e. a small and specialized opening for sperm penetration during fertilization, was revealed by SEM analysis (Fig. 2a) . The micropylar apparatus of P. coruscans, comprising the vestibule and the micropylar canal, was characterized by a conical vestibule, smooth surface, without any special features and a narrow micropylar canal. The micropylar canal was surrounded by a thick margin.
Under light microscopy (LM), it was possible to observe movement of the cytoplasm (arrow) towards the micropyle region in the oocytes collected at the moment of fertilization, characterizing the animal pole (ap) (Fig. 3a) . At time 0 (mixing of sperm and oocytes), the initial formation of animal and vegetative poles was detected. The vegetative pole was composed of the yolk and the animal pole was formed by the fusion between masculine and feminine pronuclei plus the displaced cytoplasm. The animal pole was basophilic and homogeneous. The vegetative pole was acidophilic and presented yolk grains, which became smaller and scarcer when located close to the animal pole (Fig. 3b) . The largest and more abundant granules, located in the cytoplasm opposite to animal pole, were derived from the coalescence of yolk grains (Fig. 3c) .
Several cortical alveoli, aligned through the entire oocyte margin, were observed in the cortical cytoplasm during fertilization, composing a thin basophilic layer. The number of cortical alveoli layers present in the oocyte margin had decreased after the fertilization of P. coruscans oocytes.
The rupture of cortical alveoli triggered chorion elevation and the consequent enlargement of the perivitelline space, leading to a significant increase in the egg diameter, from 7 min after fertilization on, due to egg hydration. After 10 min after fertilization, cortical alveoli were absent.
The formation of perivitelline space in the spotted sorubim (Fig. 3c) and its enlargement resulted in the separation of chorion and egg membrane.
Several spermatozoa were observed at the micropyle entrance and a single spermatozoon was detected moving towards the micropyle canal after '10 s', in SEM analysis, indicating a probable fertilization (Fig. 2b, c respectively) . Sperm penetration promoted fertilization, as confirmed by the formation of a cone 30 s after fertilization (Fig. 2d) , a spherical structure that trespassed the micropyle, and obstructed its opening. Such fertilization cone would act as a mechanism to prevent polyspermy. After the fertilization-related events, the egg had undergone several modifications, comprising cleavages, cell movement and the formation of organ outlines. The blastodisc or egg cell was formed prior to the first cleavage (Figs. 2e, 3d) .
The first cleavage divided the blastodisc into 2 cells (blastomeres) of the same size (Figs. 2f, 3e) . Then, these 2 cells divided, giving rise to 4 blastomeres (Fig. 2g) and so on, i.e., each cell divided, producing 8, 16, 32 and 64 blastomeres (Figs. 2h, 3f; 2i; 2j; 2k; 3g respectively) . With time, the number of blastomeres increased and their size diminished.
After a 64 blastomere stage was reached, the morula stage was initiated (Fig. 2l) , when the blastomeres formed a mulberry-like cell mass. The blastula stage followed, characterized by the blastoderm origin, and the size and disposition of blastomeres ( Figs. 3h; 4a) .
After the blastula stage, the embryonic cells migrated, giving rise to a fringe that projected downwards and opposite to the blastoderm epiboly movement, forming, therefore, the epiblast and the hypoblast, characteristic of the gastrula stage (Figs. 3i,  4b ). This phase was completed with the closure of the blastopore by the blastoderm and by the formation of a tail button.
The formation of cephalic and caudal regions, somites and optical vesicle was observed by SEM, (Fig. 4c) and the embryo became larger and more elongated in the cephalic-caudal axis (Fig. 4d) . Some primordial barbells could also be seen by SEM (Fig. 4e) .
The anterior region of the neural tube in the spotted sorubim was expanded, giving rise to prosencephalon (Fig. 3J ), mesencephalon and rhombencephalon regions. The detection of a free tail and consequent rupture of chorion, characterizing the larval hatching, are shown in the Figs. 3k, 4e.
Discussion
Fish eggs are classified as telolecithal, as they present a great amount of yolk widely distributed (Ribeiro et al., 1995; Leme dos Santos & Azoubel, 1996) . The eggs of P. coruscans fit this classification and, thus, present meroblastic or partial cleavages, restricted to the animal pole. Such cleavage is typical of fish eggs (Lagler et al., 1977; Leme dos Santos & Azoubel, 1996) .
The mean diameter of oocytes in P. coruscans at the extrusion time was equal to 0.95 mm and, at hatching, the mean diameter was 2.55 mm. Landines et al. (2003) observed a mean diameter of 2.69 mm for newly hatched larvae in the same species, while 340 C. Marques et al. Faustino et al. (2007) reported a mean diameter of 1.14 mm for oocytes and 3.28 mm for larvae in the sorubim hybrid (P. coruscans × P. fasciatum). Oocyte diameter is likely to be related to the fertilization mode of each species; animals presenting external fertilization usually produce oocytes of a small diameter (Sanches et al., 1999) , whereas those that use internal fertilization often present larger oocytes. For instance, Parauchenipterus galeatus is a species with internal fertilization, whose mean oocyte diameter reaches 1.62 mm (Vazzoler, 1996) .
Moreover, Suzuki (1992) showed that some species, such as Hoplias malabaricus and Serrasalmus marginatus (piranha), which present parental care, produced oocytes that were more than 2.00 mm in diameter. The egg diameter also influences the incubation period, i.e., larger eggs have a longer incubation time (Sargent et al., 1987) .
Such studies corroborate the present data, as, lacking parental care and presenting external fertilization, the P. coruscans produced eggs of a small diameter and presented a short incubation period.
Temperature is another feature that plays a role on incubation. At higher temperatures, the incubation time is shortened, while, at lower temperatures, this period is increased (Leme dos Santos & Azoubel, 1996; Ninhaus-Silveira et al., 2006) , as reported in the present study.
The presence of a double chorion membrane was also observed in the oocytes and eggs prior cleavages. The same structure was also reported by Cardoso et al. (1995) in P. coruscans and by Sanches et al. (1999) in P. galeatus.
The development times in each collection were distinct, as they were not simultaneous. Morrison et al. (2001) suggested that variations in the embryonic development rate and in the embryonic development (asynchrony and malformation) are related to the incubation period and breeder's age. Kimmel et al. (1995) , Morrison et al. (2001) and Ninhaus-Silveira et al. (2006) showed that, even within a fertilized spawning incubated at optimal conditions, there is some asynchrony in the embryonic development time.
Analysing the micropylar apparatus in the oocytes, a conical vestibule, with a smooth surface and narrow micropylar canal, was observed. This micropylar canal is surrounded by a thick and gelatinous layer. According to Ganeco & Nakaghi (2003) , the micropyle is a concave region located in the radiate zone or chorion, composed of a continuum vestibule, with an internal canal that narrows towards to the plasmatic membrane of the egg.
Such micropyle shape allows the entry of a single spermatozoon, according to Kobayashi & Yamamoto (1981) and Rizzo & Bazzoli (1993) . Other ways of preventing polyspermy include the formation of a fertilization cone, which obstructs the micropylar canal, as well as the releasing of cortical alveoli, which increases the perivitelline space after the fertilizing spermatozoon has entered (Ganeco, 2003) .
At the moment of fertilization, cytoplasmatic movement towards the micropyle begins in the oocytes, which characterizes the animal pole. Similar observations were reported by Kimmel et al. (1995) and Leme dos Santos & Azoubel (1996) . Brasil et al. (2002) and Ganeco (2003) , however, observed cytoplasmatic movement in eggs collected during the oocyte extrusion prior to fertilization. At the same time, the basophilic and homogeneous animal pole and the acidophilic vegetative pole were formed. Similar features were observed by Matkovic et al. (1985) in Rhamdia sapo.
The yolk grains were smaller and scarcer close to the vegetative pole and larger and more numerous close to the animal pole, as a result of the coalescence between yolk grains. Such a phenomenon was also observed in Prochilodus lineatus (Brasil et al., 2002) and Byrcon orbignyanus (Ganeco, 2003) . The same relationship between number and size was also detected in the cortical alveoli: they were larger and more abundant in the vegetative pole and they became scarce and smaller in the animal pole. Few cortical alveoli at the animal pole region were also seen in Fundulus heteroclitus (Brummett & Dumont, 1979) Oryzias latipes (Iwamatsu & Ohta, 1981) , Oncorhynchus keta (Kobayashi & Yamamoto, 1981) and Prochilodus lineatus (Brasil et al., 2002) . Ohta (1985) and Hart (1990) assumed that the small amount of cortical alveoli in the animal pole would be preventive, putting off the start of perivitelline space formation and favouring the entry of the fertilizing spermatozoon. Laale (1980) observed a similar feature, pointing out that during exocytosis of cortical alveoli contents, Ca 2+ ions are absorbed and they would be involved in chorion hardening, which would act as a mechanic protection for the developing embryo (Laale, 1980; Lönning et al., 1984) .
Embryonic development encompassed all stages from fertilization to hatching, including cleavage, gastrulation and the beginning of organogenesis (Shardo, 1995) .
The first cleavage divided the blastodisc into two blastomeres of the same size. A similar observation was reported in other species of the genus Cynolebias (Carter & Wourms, 1991) , in zebrafish (Kimmel et al., 1995) and in Prochilodus lineatus (Ninhaus-Silveira et al., 2006) . Cleavage started from the centre towards the blastodisc margin Shardo, 1995) . Successive cleavage took place up to the 65 blastomere stage and as long as the number of blastomeres increased, their size decreased (Wourms & Evans, 1974; Castellani et al., 1994; Ninhaus-Silveira et al., 2006) . We observed that morula stage in the P. coruscans is followed by the blastula stage, which is characterized by the blastoderm formation and, then, by the gastrula stage, when epiboly movements begin (Leme dos Santos & Azoubel, 1996) , which extends up to the closure of the blastopore by the blastoderm and formation of the tail button (Kimmel et al., 1995) . Similar observations were reported by Ninhaus-Silveira et al. (2006) in Prochilodus lineatus and by Ganeco (2003) in Byrcon orbignyanus.
The anterior region of the neural tube in the studied species expanded to form the prosencephalon, mesencephalon and rhombencephalon regions, similar to the patterns described in Brachydanio rerio (Kimmel et al., 1995) , Rhamdia sapo , Byrcon orbignyanus (Ganeco, (2003) and Prochilodus lineatus (Ninhaus-Silveira et al., 2006) .
The present data, therefore, showed that the study of embryonic development is essential to a better knowledge of some biological features of a species, helpful to elucidate issues related to fish rearing at this stage, being also useful to further taxonomic, ecological and conservational studies in the P. coruscans.
